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Abstract

Background/aims—Several studies found hepatitis C (HCV) increases risk of Type Il diabetes
mellitus (DM). However, others found no or only sub-group specific excess risk. We performed
meta-analyses to examine whether HCV infection does increase DM risk in comparison to the general
population and in other sub-groups with increased liver disease rates including with hepatitis B
(HBV).

Methods—We followed standard guidelines for performance of meta-analyses. Two independent
investigators identified eligible studies through structured keyword searches in relevant databases
including PubMed.

Results—We identified 34 eligible studies. Pooled estimators indicated significant DM risk in
HCV-infected cases in comparison to non-infected controls in both retrospective (ORggjusted=1.68,
95 percent Cl 1.15-2.20) and prospective studies (HRagjusted=1.67, 95% CI 1.28-2.06). Excess risk
was also observed in comparison to HBV-infected controls (ORggjysteq=1.80, 95% CI 1.20-1.40)
with suggestive excess observed in HCV+/HIV+ cases in comparison to HIV+ controls
(ORynadjusted=1.82, 95 percent Cl 1.27-2.38).

Conclusions—Our finding of excess DM risk with HCV infection in comparison to non-infected
controls is strengthened by consistency of results from both prospective and retrospective studies.
The excess risk observed in comparison to HBV-infected controls suggests a potential direct viral
role in promoting DM risk, but this needs to be further examined.
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INTRODUCTION

An estimated 3% of the world’s population (170+ million persons) are infected with the
hepatitis C virus (HCV), 55-80% with chronic infection(1). HCV is a significant cause of
global morbidity and mortality, responsible for approximately 25% of both chronic liver
disease (CLD) and hepatocellular carcinoma (HCC).

HCYV infection has also been convincingly linked to several extra-hepatic manifestations
including essential mixed cryoglobulinemia, glomeronephritis, and porphyria cutanea tarda
(2). Based on early clinical observation, type Il diabetes mellitus (DM) was suggested to be
another potential extrahepatic manifestation of HCV infection, with excess risk postulated to
be due to either direct viral involvement or secondary to HCV-induced liver damage. However,
even a small increase in DM risk in HCV-infected patients may be clinically important, as
available pharamcotherapies for HCV are less effective with concomitant DM(3) and
progression of liver disease has been shown to be worsened(4).

A number of epidemiologic studies have demonstrated significant excess DM risk with HCV
infection.(5-15),(16-18) However, others found no significant excess risk(19-26) or excess
risk limited to specific segments of the population(27-31). Differences in source of controls,
case definition, sample size and underlying target population may explain much of this
observed variability among studies. Several general narrative reviews have examined the
association between HCV infection and DM. However, they have typically been limited in
scope or non-systematic(32,33). The only published meta-analysis examined the association
between HCV and DM in a highly limited sub-population of kidney transplant recipients(34).

Our primary goal was, therefore, to conduct meta-analyses to assess whether HCV infection
conveys excess DM risk compared to that observed in the general population. We aimed to
quantify and appropriately qualify any observed excess risk, to identify any high-risk sub-
groups, and to explore potential sources of between-study heterogeneity. A secondary goal was
examining DM risk with HCV infection in comparison to that observed in other sub-groups at
risk of CLD, including those mono-infected with HBV or HIV. In addition to providing a
greater understanding about the association between HCV and DM risk, the findings of these
meta-analyses may also help inform clinical practice guidelines and suggest gaps in current
understanding that may be important to address in future research.

METHODS

Eligibility Criteria
We followed published guidelines for the conduct and reporting of meta-analyses(35). All
published epidemiologic studies providing, or with data to calculate, an estimate of risk of type
Il or adult-onset diabetes mellitus (DM) among adults infected with hepatitis C (HCV+)
compared to adults without infection (HCV-) or an estimate of risk of HCV among adults with
DM compared to adults without DM were considered for possible inclusion in the current meta-
analysis. To be eligible, both case and comparison groups (e.g., case-control and cross-
sectional studies) or exposed and unexposed groups (e.g., cohort study) had to come from the
same geographically- and temporally-defined underlying population. To help assure quality
and comparability of data from included studies, we further required: 1) publication as an
original, peer-reviewed manuscript, and 2) minimum sample size of 200, with at least 100 cases
and 100 controls, or 100 exposed and 100 unexposed.

Studies were excluded if they: included children, post-transplant recipients, dialysis patients,
pregnant women, or thalassemia or cancer cases; lacked adequately defined case or comparator
groups including those where type |1 DM could not be distinguished from sub-clinical
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hyperglycemia or where HCV could not be excluded from other causes of hepatitis; did not
provide risk estimates or data necessary to calculate them; or were not published in English.
Additionally, as a critical meta-analysis requirement is statistical independence of observations
(36), when multiple overlapping reports were available for a single unique study population,
we included only the largest or most recent eligible report.

Search Strategy

To identify all potentially eligible studies, two investigators independently conducted
structured searches in selected databases including PubMed, 1SI Web of Science, and Google
Scholar. Searches included combinations of selected key- and text-words including: ‘diabetes’,
‘diabetes mellitus’, ‘diabetes mellitus, type I1°, or ‘type Il diabetes’ and *hepatitis C’, ‘hepatitis
Cvirus’, “hepatitis’, or ‘chronic hepatitis’ and ‘*risk’, “*rate’, ‘case-control’, ‘cohort’, “clinical
trial’, ‘cross-sectional’, ‘meta-analysis’, ‘epidemiology’, or ‘review’. Searches were updated
as of May 31, 2008.

We also reviewed the bibliographies of eligible studies as well as those of relevant review
articles to identify additional studies not captured by our database searches.

Data Abstraction

Analysis

Two investigators independently reviewed all identified titles, abstracts and manuscripts to
determine if an individual study was eligible for inclusion in this meta-analysis. Disagreements
about eligibility were resolved by consensus with a third reviewer.

Data on study methods and results were entered into a structured database. When there was
insufficient information on methods, relevant information from any earlier or smaller reports
was used instead. If specific quantitative results were not reported, when possible we used
available data to calculate them.

Because we did not place limitations on type of epidemiological design, studies reporting such
varied risk estimates as odds ratios (OR), hazards ratios (HR) and incidence rate ratios (IRR)
were all eligible for inclusion in our meta-analysis. However, as a valid meta-analysis requires
comparability of risk estimators, we divided eligible studies into comparable sub-groups before
performing meta-analysis.

For studies where the OR was the applicable risk estimator, we used available data to calculate
or confirm the unadjusted estimator. When there was a discrepancy between reported and
calculated estimates, the calculated estimates were used in all subsidiary analyses.

Heterogeneity across studies was assessed using the 12 of Higgins and Thompson(37) which
quantifies the proportion of total variation attributable to between-study differences or
heterogeneity as opposed to random error or chance. An 12>50% was employed to determine
if substantive between-study heterogeneity existed. Our decision to perform fixed effects
analysis using the Mantel-Haenzel method, or random effects analysis using the Der Simionian
and Laird method(38) was based upon our heterogeneity assessment results. Random effects
meta-analysis is the preferred method for calculating pooled estimators when there is
substantial between-study heterogeneity. All meta-analyses are presented as forest plots with
risk estimates for all individual studies as well as the overall pooled estimator. Shaded figures
provided for all individual study estimates have dimension proportional to their weight in
calculation of the pooled estimator.
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Exploratory meta-regression was performed to evaluate potentially important sources of
between-study heterogeneity. Variables evaluated included year of publication, source of
controls (hospital/clinic-based or not), and region (North America/Europe vs. other).
Consonant with widely accepted minimum sample size for regression analysis(39), we
performed meta-regression only when there were >10 comparable studies per variable
assessed. Variables significant at p<0.15 were considered potentially important sources of
between-study heterogeneity.

Finally, to help assess validity and reliability of our meta-analyses, we performed an analysis
of influence and Egger’s test. An analysis of influence describes how robust the pooled
estimator is to removal of individual studies, while Egger’s test, which assesses whether the
relationship between effect size and variance differs between large and small studies, was
employed to determine if there was potential small study or publication bias(40).

All analyses were conducted using STATA 9.0 (College Station, Texas, USA).

We identified 223 potentially eligible reports. Review of abstracts and manuscripts resulted in
exclusion of 190 reports (85%). The most frequent reasons for exclusion were: publication in
an ineligible format including letters/abstracts or the results provided were not from original
research including reviews/editorials (n=66); there was no comparator group or else an
ineligible case or comparator group (n=45); it contained data on post-transplant patients (n=37);
it had a total sample size of less than 200 and/or fewer than 100 cases/exposed and 100 controls/
unexposed (n=26); or it was not published in English (n=14).

Study characteristics

Two(5,10) of the 32(5-18,20-25,27-31,41-47) eligible reports we identified included data
from two unique studies. Therefore, 34 unique studies were included in our meta-analysis.
Baseline study characteristics are provided in Table 1. Additional information on the definition
and identification of DM and HCV in individual studies is reported in Appendix 1.

Half of these studies were performed in the U.S. (n=11) or Italy (n=6) and most reported or
had data to calculate an applicable prevalence OR (n=29). (Table 1) Among studies with other
risk estimates, four reported HRs(16,29,30,42) and the other an incidence rate ratio (IRR)
(20).

Sample size was variable among studies with the smallest having a total sample size of 217
(14) and the largest with over 252,000(18). (Table 1) A majority of studies (n=24) utilized
hospital/clinic-based controls. However, only 6 studies employed a matched design with use
of pre-specified criteria to match cases to controls(5,6,13,18,24,44).

HCV+ vs. HCV-

Eighteen studies had an estimate of DM risk among individuals with HCV infection in
comparison to individuals without infection(5-13,16,18,23,24,28,30,42,46,47). (Table 1)
Fifteen had ORs(5-13,23,24,28,30,47), while another three had HRs(16,42,46). Results of
meta-analyses stratified by specific type of risk estimate are provided below.

Meta-analysis results for studies with ORs

ORs from 14 eligible studies were pooled. (5,7-13,18,23,24,28,30,47) (Fig 1A) We did not
include the single remaining study in our meta-analysis because it was restricted to a very

J Hepatol. Author manuscript; available in PMC 2009 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White et al.

Page 5

limited subgroup of HCV+ cases with symptomatic mixed cryoglobulinemia(6). As the study
by Mehta et al(28) reported ORs for two unique and non-overlapping age-groups, both were
able to be used to calculate the pooled estimator. The Marzouk et al study(47) also provided
stratified estimates, but with the sub-groups defined by the presence or absence of viremia.
However, as both the viremic and non-viremic sub-groups were compared to the same
underlying control group, only one of these overlapping ORs could be included in our
calculation of the pooled estimator. We therefore used the estimate for the viremic sub-group,
representing the majority of the HCV cases, to calculate the pooled estimator.

The unadjusted OR for DM risk with HCV infection in the 14 included studies ranged between
OR=0.67 (95% CI 0.65-0.69)(17) to OR=6.7 (95% CI 3.5-12.8)(12), with statistically
significant excess risk reported in 11 studies. (Fig 1A) Because substantial between-study
heterogeneity was observed (12=73%), we employed a random effects meta-analysis. The
pooled OR indicated a two-fold excess DM risk with HCV infection (ORynagdjusted=2-03, 95 %
Cl 1.52-2.54). (Fig 1A)

Egger’s test indicated significant small study or publication bias (Egger’s p<0.001). However,
none of the variables assessed with exploratory univariate meta-regression (type of controls,
region or year of publication) was identified as a potentially important source of between-study
heterogeneity. Additionally, our analysis of influence demonstrated that the unadjusted pooled
estimator consistently suggested excess DM risk with HCV infection (data not shown).

Given the finding of significant small study or publication bias, we performed sensitivity
analyses to ascertain the effects attributable to the single largest study, which had a total sample
size of over 252,000(18), and to the single smallest study, which had total sample size of only
477(23). There was still evidence of this bias with removal of the smallest study
(PEggers<0.001) and between-study heterogeneity was slightly increased (12=75%) (data not
shown). However, there was no longer evidence of small study or publication bias with removal
of the largest study (pgggers=0.48), with only asmall increase in the associated pooled estimator
(ORundjusted=1.68, 95 percent Cl 1.15-2.20). Further, between-study heterogeneity was
demonstrably reduced (12=57%) (data not shown).

Only 7 studies also provided an adjusted OR, many with a small to modest attenuation in effect.
(Fig 1B) Huang et al(30) reported adjusted estimates for sub-groups defined by their viremia
status. However, both the viremic and non-viremic sub-groups were compared to the same
underlying control group. We therefore used the OR reported for the viremic sub-group as it
represented the majority of the HCV cases (74%).

Substantial between-study heterogeneity was also observed among studies reporting adjusted
ORs (12=58.1%) necessitating use of a random effects model. (Fig 1B) The pooled adjusted
OR demonstrated a significant though modestly reduced excess risk of DM with HCV infection
(ORagdjustea=1.68, 95 percent Cl 1.15-2.20). However, the pooled OR was reduced slightly and
was no longer significant if we used the ORs reported for the smaller non-viremic sub-groups
instead of those for the much larger viremic sub-groups for both the Huang et al(30) and the
Marzouk et al (47) studies (ORagjusted=1.57, 95 percent Cl 0.09-3.05). (data not shown)
Although there was again evidence of significant small study or publication bias (p<0.001),
this again appears to be explained by the single largest study(18). However, given the limited
number of studies, we did not perform meta-regression.

Meta-analysis results for studies reporting HRs

Three studies reported HRs as the measure of association between HCV infection and DM
(16,42,46). Two were prospective population-based cohort studies performed in Asian
populations(42,46) and the other a case-cohort study based on a sample drawn from the larger
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Atherosclerosis Risk in Communities (ARIC) cohort study(16) in the U.S. Total follow-up was
variable among studies ranging between seven and eleven years. All three excluded prevalent
DM cases at baseline and had serologically-confirmed HCV infection.

Both unadjusted and adjusted HRs were reported by all three studies (Figs 2A and 2B
respectively). However, the adjusted estimates reported by Mehta et al(16) were stratified
according to an a priori -specified DM risk category assigned at baseline. As the resulting high-
and low- DM risk sub-groups were each compared to their respective and therefore non-
overlapping control sub-groups, both estimates were used to calculate the adjusted pooled
estimator.

There was no evidence of substantive between-study heterogeneity when considering either
unadjusted or adjusted estimates. We therefore employed fixed effects meta-analysis. Both
unadjusted and adjusted pooled estimators demonstrated HCV infection significantly increases
risk of developing DM (HRynadjusted=1-71, 95% CI 1.36--2.06 and HRygjusteq=1.67, 95% ClI
1.28-2.06). (Figs 2A and 2B respectively) While both studies conducted in Asian populations
found excess DM risk with HCV infection even after adjusting for BMI (42, 46), the smaller
Mehta study(16) found excess risk only in the sub-group at low risk for DM at baseline,
including those of younger age or with lower BMI. (Fig 2B) Results for Egger’s test suggested
no evidence of publication or small study bias when considering either unadjusted or adjusted
HRs (peggers =0.30 and pegger's =0.42 respectively). However, given the small number of
studies, we did not perform exploratory meta-regression or an analysis of influence.

HCV+vs. HBV+

Nine studies assessed DM risk in individuals with HCV infection in comparison to that in
individuals with HBV infection(5,10,14,17,21,22,41,44,45) (Table 1) Most (n=5) were
conducted in European or North American populations.

All nine reported an unadjusted OR (Fig 3A). Given moderate heterogeneity (12=50.2%), we
employed a random effects analysis. It indicated an approximately 1.8-fold excess risk of DM
among HCV+ in comparison to those HBV+ (ORypagjusted=1-75, 95 percent Cl 1.24-2.25).
(Fig 3A) Only three studies provided adjusted estimates(17,41,44) with all including
adjustment for relative degree of liver pathology. Given only modest heterogeneity (12<50),
we employed a fixed effects analysis. The overall pooled adjusted estimator demonstrated a
similarly increased risk of DM (ORggjusted=1.80, 95% CI 1.20-1.40). (Fig 3B)

Five studies also provided unadjusted risk estimates stratified according to the degree of liver
pathology(10,22,41,44,45). (Appendix 2A and 2B respectively) The unadjusted pooled
estimator in the context of chronic hepatitis and in the context of cirrhosis both suggested
modest though non-significant excess DM risk with HCV infection [ORchronic hepatitis =1-28,
95% CI 0.76-1.79 (Appendix 2A) and ORjrrhosis=1.59, 95% CI 0.70-2.49 (Appendix 2B)].
To allow a more direct comparison of DM risk observed in the context of chronic hepatitis
versus in the context of cirrhosis, we performed a sensitivity analysis where we removed the
single study restricted to cirrhotic cases and controls(44). Its removal resulted in a 74% relative
reduction in the pooled estimator for DM risk conveyed by HCV within the context of cirrhosis
(ORirrhosis=1.18, 95% CI 0.47-1.89). (data not shown)

Results for Egger’s test demonstrated no evidence of small study or publication bias in either
our unadjusted or adjusted meta-analyses (p=0.38 or p=0.88) and our analysis of influence

demonstrated that the pooled estimator was fairly robust to removal of individual studies. (data
not shown) However, as there were fewer than 10 studies, we did not perform meta-regression.
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HCV+ CLD vs. other cause CLD

Three studies evaluated whether CLD cases attributable to HCV infection had excess DM risk
in comparison to CLD cases attributable to other causes of liver disease (OLD), including
alcoholic or cholestatic liver.14,15,27 (Table 2) There was evidence of variable increased DM
risk with HCV infection in two studies and in a sub-group in the third. However, as the relative
proportion of CLD cases attributable to specific other causes was non-comparable across
studies, we did not obtain a pooled estimator.

HCV+/HIV+ vs. HCV=/HIV+

Five studies evaluated whether DM risk was increased in individuals co-infected with HCV
and HIV in comparison to individuals mono-infected with HIV/(20,25,29,31,43) (Table 2)
Reported risk estimates included ORs (n=3 studies), HRs (n=1 study) and IRRs (n=1 study).
Four reported both unadjusted as well as adjusted risk estimates(20,29,31,43). DM risk
estimates with HCV/HIV co-infection among these four studies were variable with significant
increased risk reported in one study(43), non-significant excess in another(20) and a significant
increase only in specific sub-groups in the remaining two studies(29,31). (Table 2)

A sufficient number of studies to perform meta-analysis existed only for those reporting ORs
(25,31,43). (Table 2) Our fixed effects meta-analysis demonstrated a 1.8-fold excess risk of
DM with dual HCV/HIV infection in comparison to HIV mono-infection (ORynagjusted=1-82,
95 percent Cl 1.27-2.38) with no evidence of small study or publication bias (pggger's=0.63).
(data not shown) As only two studies also provided adjusted estimates, we did not perform
meta-analysis to obtain an adjusted pooled estimator.

DISCUSSION

This is the first meta-analysis to specifically examine the association between HCV infection
and risk of diabetes (DM) in the general population as well as in sub-groups at particularly
increased risk of chronic liver disease (CLD) including those with hepatitis B (HBV) or HIV
infection, or with other causes of liver disease (OLD) like alcohol-related liver disease. Among
34 eligible studies identified for this review, eighteen (15 retrospective and 3 prospective)
evaluated DM risk in HCV-infected cases in comparison to general controls without HCV
infection. Our meta-analysis which combined the adjusted odds ratios from these retrospective
studies demonstrated an approximately 1.7-fold significant increase in DM risk with HCV
infection. Similarly, the overall unadjusted pooled estimator demonstrated a significant 2-fold
excess risk. Although there was evidence of potential small study or publication bias among
these retrospective studies, this effect appears to be largely explained by the single largest study
(18) removal of which did not change the overall trend. Further, none of the other potential
sources of between-study heterogeneity examined including geographic region, year of
publication, or type of controls were significant (p>0.15).

Three prospective studies also evaluated whether HCV infection increases risk of developing
type Il diabetes(16,42,46). All had serological confirmation of HCV and exclusion of DM at
baseline. Results from our meta-analysis pooling adjusted HRs suggested HCV infection
conveys an approximately 1.7-fold excess DM risk. Interestingly, essentially the same
significant excess risk was observed by pooling the unadjusted HRs. In contrast to retrospective
studies which have well-established limitations, long-term longitudinal studies with
prospectively collected data such as these are particularly valuable as they establish a temporal
relationship between HCV infection and subsequent occurrence of diabetes and help support
an argument of a causal association. The significant excess DM risk observed in our meta-
analysis of prospective studies (HRqagjusteq=1.67) is also highly consistent with the significant
excess risk observed in our meta-analysis of retrospective studies (ORggjusteq=1.70) and adds
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further support of those retrospective results. Taken together, the findings of our combined
meta-analyses clearly indicate that chronic HCV infection is associated with a modest but
significantly increased risk of developing type 2 diabetes in comparison to uninfected controls.

The reasons why chronic HCV infection would induce type 2 diabetes could be manifold.
Several experimental studies have suggested a direct role of the virus in promoting DM risk.
Within HCV core-transgenic mice, hepatocyte-associated degradation of the HCV core protein
leads to negative interaction with insulin signaling by reducing IRS-1 phosphorylation and
downstream signaling by Akt(48) and by promoting IRS-1 and IRS-2 degradation(49). In one
study, the virus has also been localized in 39% of pancreatic islets in HCV-infected humans
and occurs in approximately 54% of all cells within affected islets. Although there is no
evidence of increased apoptosis, these HCV+ islet cells exhibit morphologic changes as well
as derangement in glucose-stimulated insulin release (B-cell dysregulation)(50). Other
experimental studies have suggested a more indirect role of the virus, or rather that it is host
response to the virus that promotes DM risk. For example, hepatic levels of pro-inflammatory
cytokine TNF-a are doubled in HCV core-transgenic mice with blockade of TNF-a leading to
restored hepatic sensitivity to insulin.(51) However, it has also been suggested that HCV
infection promotes DM risk as a tertiary consequence of HCV-induced liver damage. Indeed,
it is well-established that advanced cirrhosis induces dysregulation of glycemic control which
may result in overt diabetes(52). Some support for such a tertiary mechanism comes from a
clinical study demonstrating severe fibrosis is the only independent predictor of insulin
resistance (IR) as measured by the surrogate marker the HOMA index in HCV-infected patients
(53). However, other studies have shown higher IR in HCV-infected patients irrespective of
degree of liver injury(4,27,54) with increases in IR evident even at early fibrosis stages(55).

If it is characteristics specific to HCV infection itself rather than just the tertiary liver damage
it generates that induces insulin resistance and increases diabetes (DM) risk in human
populations, then it would be expected that the prevalence of diabetes should be higher with
chronic HCV, than, for instance, with other causes of chronic liver disease. Nine retrospective
studies evaluated this hypothesis with respect to HBV infection(5,10,14,17,21,22,41,44,45).
Suggestive evidence in support of this hypothesis came from the 1.7-fold significant excess
DM risk conveyed by the unadjusted pooled OR. Only three studies also provided an adjusted
estimate, with all three including adjustment for degree of liver pathology(17,41,44). Our
pooled adjusted OR demonstrated that HCV infection conveys a significant 1.8-fold excess
risk of DM beyond that conveyed by relative degree of liver pathology. Four studies also
provided unadjusted risk estimates stratified according to the presence of chronic hepatitis or
cirrhosis(10,22,41,45). The unadjusted pooled estimators in the context of cirrhosis and in the
context of chronic hepatitis both demonstrated only modest non-significant excess risk of DM.
However, given low study power as well as lack of adjustment for other possible confounders,
these findings are difficult to interpret. The single study comparing DM risk with HCV-
infection to that with chronic liver disease (CLD) attributable to a mixture of other causes
including alcohol-related disease(27) demonstrated strong and significant excess risk with
HCV infection only in the context of chronic hepatitis. Unfortunately, without individual
patient data it is not possible to further clarify the impact of liver injury on the relative risk of
diabetes associated with HCV infection, both for fibrosis and necro-inflammatory activity.

An estimated 25-30% of HIV cases in the U.S. and Western Europe are co-infected with HCV
(56). Highly active anti-retroviral therapy (HAART) used to treat HIV infection is well-known
to increase risk of CLD, with development of hepatotoxicity an important reason why HAART
is discontinued(57). However, HAART is still recommended for HCV co-infected treatment
candidates, with some data suggesting its use may also lessen HCV-related liver disease
progression(57). Five studies included in this review evaluated whether HIV cases co-infected
with HCV have increased DM risk in comparison to HIV mono-infected cases(20,25,29,31,
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43). A small to modest excess risk of DM with HCV co-infection was generally observed
though significance of findings was variable. Only three studies provided comparable
unadjusted risk estimators (ORs) that were able to be combined in a pooled estimator (25,31,
43). Two studies included cases and controls prior to initiation of HAART(25,43) while the
third study adjusted for use of HAART(31). This unadjusted meta-analysis demonstrated co-
infection with HCV conveys a 1.8-fold significant excess risk of DM in comparison to that
observed in HIV mono-infected cases. However, as only two studies provided adjusted
estimates, we did not obtain an adjusted pooled estimator and our unadjusted meta-analysis
finding of excess DM risk among HIV patients co-infected with HCV must be considered as
suggestive only.

In evaluating findings from our meta-analyses, it is important to consider the potential impact
of confounders of the relationship between HCV infection and occurrence of DM, particularly
from such well-established risk factors as BMI. The three available prospective studies that
evaluated diabetes risk in comparison to uninfected controls reached different conclusions as
to what categories of HCV-infected individuals are at increased risk. Specifically, the two
larger prospective cohort studies both demonstrated HCV infection conveys additional DM
risk beyond that conveyed by age or BMI(16,42,46). This finding is similar to that observed
among all 6 retrospective studies which also included adjustment for these factors(8,9,24,28,
30,47). In contrast, the much smaller American case-cohort study, which included only 15
HCV-infected cases, showed only individuals who were already at increased diabetes risk
(mainly overweight individuals older than 50) have an additional DM risk due to HCV infection
(16). Although the preponderance of current evidence suggests hepatitis C infection may
convey additional DM risk beyond that conveyed by BMI, additional prospective studies are
therefore needed to sort out the important aspect of the interaction between HCV infection and
other risk factors for diabetes including current and historical obesity.

The present study has several strengths as well as some limitations. We used exhaustive search
methods to identify all eligible studies and attempted to increase comparability and quality of
included studies by using pre-specified eligibility criteria including publication in a peer-
reviewed journal, a minimum total sample size and presence of appropriate as well as
adequately identified case and control groups. To help assess the validity and reliability of our
findings, we also performed additional quality control analyses including meta-regression and
sensitivity analyses in order to identify possible sources of between-study heterogeneity.
Further, we systematically investigated the potential for small study or publication bias and
the impact of removal of individual studies on the pooled estimator was also assessed.

Our application of rigorous eligibility criteria to assure the internal validity of our findings has
also imposed some potential limitations, particularly with respect to the generalizability of our
results. First, our restriction to studies performed in adults means we are unable to extrapolate
these findings to HCV-infected children. Second, our restriction to articles published in the
English language means it is possible that complex interactions between ethnicity, HCV
infection and the occurrence of diabetes could have been missed in particular ethnic groups if
these findings were published exclusively in non-English language journals. However, only a
small minority (6%) of studies reviewed were excluded specifically because they were not
published in English. Further, 62% of all included studies were performed in countries where
English is not the primary language. Third, we included only studies with a minimum total
sample size of 200, with at least 100 exposed or cases and 100 controls or unexposed. We
employed this criterion to help mitigate the potential for small study bias given the greater
likelihood that small studies in particular will be published if they report significant or
interesting results(58). Although less than 12% of studies were specifically excluded due to
sample size, it is therefore possible that our reported effect sizes might actually be increased
if we had included these smaller studies. Finally, we selected only studies reporting on
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prevalence or incidence of overt diabetes. This has the advantage of robust and reproducible
clinical definitions of the outcome of interest across studies. However, it can also underestimate
the magnitude of the relationship between HCV infection and impaired glucose metabolism.

Other limitations are due to insufficient information provided by the eligible studies
themselves. Dose-dependent effects could not be demonstrated because viral load and duration
of HCV infection were not typically recorded. Other potentially important viral- (e.g.,
genotype) or host-related factors (e.g., family history of diabetes and visceral adiposity) could
also not be examined. Additional prospective studies are therefore needed to determine what
specific combination of viral- and host-related factors explain the observed excess risk of type
Il DM conveyed by HCV infection.

The findings of this meta-analysis could have important clinical implications. Given the
demonstrated increased risk of diabetes conveyed by HCV infection, a strong case can be built
for screening for glucose abnormalities in all HCV-infected individuals. Second, these data
might provide a better insight into the overall burden of disease in chronic hepatitis C. Indeed,
if risk of diabetes increases with the duration of exposure to HCV, then diabetes might become
aprominent HCV-induced health problem in some patients like those with a low risk of fibrosis
progression (e.g., women contaminated with HCV at a young age). Finally, since some reports
have shown that HCV eradication improves insulin sensitivity(3) and reduces the incidence of
diabetes(59), a reasonable inference would be that some HCV-infected patients at high risk of
diabetes occurrence might benefit from antiviral therapy beyond hepatological reasons. Future
work is needed in order to determine if diabetes could be prevented or reversed with successful
HCYV eradication.
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